Introduction
The success of penicillin in bacterial endocarditis has created new problems for the clinician. These include the need to make an early diagnosis, the choice of antibiotic, the difficulty of telling whether infection has been eliminated, and the prognosis when infection has been controlled. Moreover, the proper use of antibiotics to prevent bacterial endocarditis is of great importance. When each new antibiotic is introduced the question of its use in endocarditis has to be settled. However, it is becoming clear that penicillin still has pride of place, and that only in rare cases are other antibiotics of any value in this disease.
Definitions
The older classification of ' acute' and ' subacute' depended on whether the patient survived six or eight weeks or not, and this was largely determined by the virulence of the infecting organism. Though virulence no longer decides the prognosis, there are differences in aetiology and modes of onset between the acute and subacute forms so that these terms still serve a purpose. However, it has now become more important to define each case by its infecting organism, for upon that the treatment and prognosis largely depend.
Changes in Incidence
In England and Wales, before the days of penicillin, about a thousand deaths were certifiedeach year as being due to acute or subacute bacterial endocarditis. Now that the disease can often be cured the incidence cannot be judged by the Registrar General's figures, and it is necessary to depend on small groups, personal experience, and conjecture.
Many cardiologists would admit that they see fewer subacute cases than previously, but this may mean that these patients are being treated in local hospitals.
While the number of cases seen in the larger hospitals is declining there is no doubt that the proportion due to penicillin-resistant organisms has increased. Presumably this is partly due to prevention of many penicillin-sensitive infections by proper prophylaxis.
Acute bacterial endocarditis has always been less common than the subacute form, and is becoming even rarer. This change may be due to the prompt use and rapid effect of chemotherapy in severe infections. For instance, uterine sepsis. was once a common cause of f-haemolytic streptococcal endocarditis; in one puerperal sepsis unit in which the yearly average used to be six cases, from 1946 to 1950 there were no cases at all (Ramsay, I950) .
The commonest form of acute bacterial endocarditis now seems to be staphylococcal (Anderson and Keefer, I948; Levinson, Griffith and Pearson, 1950) , and these infections are often due to penicillin-resistant strains.
Aetiology
When the Penicillin Trials Committee of the Medical Research Council organized clinical trials in subacute bacterial endocarditis it was agreed to collect data concerning the aetiology of the disease. In this way the study of 442 patients served to extend our knowledge of the underlying heart disease and of the possible sources of infection (Cates and Christie, I951).
Underlying Lesions
It is well known that in subacute bacterial endocarditis there is nearly always some underlying heart disease, and in the M.R.C. series this was due to acquired heart disease in 87 per cent. and to congenital in I3 per cent.-in under i per cent. both forms were present. There seems little doubt, however, that subacute bacterial endocarditis may begin in a normal heart; in as many as 6 per cent. of American cases (Anderson and Keefer, 1948) (Macllwaine, 1947) . There is also some evidence that acute rheumatism may contribute to the development of heart failure during treatment (Matthew and Gilchrist, 1948-49) .
There have been further reports of a rare but interesting form of bacterial infection that occurs in traumatic arteriovenous aneurysms (Stojanovic and Slavkovic, 1948; Cutler and Wolf, ¶946).
There is often infection of the aortic valves as well as of the aneurysmal sac, and it has been suggested that damage to these valves follows the increased heart output and paves the way to their infection (Cutler and (Anderson and Keefer, 1948) . The same authorities reported 44 per cent. for acute infections due to haemolytic streptococci. In a small series of meningococcal endocarditis (Firestone, 1946 ) the figure of pre-existing disease is under 20 per cent., which is similar to gonococcal endocarditis (Thayer, 1931) . of cases no primary infection is found. It has been suggested that dental extractions are wrongly blamed for causing endocarditis (Feldman and Trace., I938), but even so, dental sepsis is probably 7une 1952 342 culpable more often than the above figures suggest. A large apical abscess can be silent in bacterial endocarditis, and it is easy to forget to X-ray the mouth of a patient who has just recovered from this ominous illness. In two of the M.R.C. patients it was shown that a full course of penicillin, enough to arrest bacterial endocarditis, may fail to kill penicillin-sensitive organisms buried in the depths of an apical abscess. This disquieting finding suggests that such foci, unless removed, are potential causes of re-infection of the heart valves. Therefore, it is essential to make a deliberate search for dental sepsis before patients leave hospital.
In endocarditis due to enterococci (Streptococcus faecalis) a focus of infection or a portal of entry for organisms is usually found in sites other than the mouth. The main dangers are urinary infections and prostatectomy in elderly men, and uterine infections in women (Robbins and Tompsett, I95I) , but infections of the gastro-intestinal tract and peptic ulcers, have also been blamed (Sirota, Gerber and Baehr, I947). it is not certain whether this means that these patients had also a reactivation of acute rheumatism, but whatever the explanation these symptoms are deceptive. There was a systemic embolism at the onset in 20 per cent., but in only a quarter of these was the embolism in the brain, eye or some other place which should arouse suspicion of an underlying bacterial endocarditis. Most emboli caused sudden pain over such organs as the spleen and kidney, or in the back or loin muscle mass, and it is easy to miss the significance of these symptoms.
Just as the first symptoms of bacterial endocarditis are vague and colourless so often are the earliest physical signs. Probably the best insight into the earliest signs of the disease was provided by patients who were observed while relapsing after unsuccessful penicillin treatment; in most cases all that could' be found was a temperature rising above normal in the evenings, a raised erythrocyte sedimentation rate and a positive blood culture. How long it takes for the classical signs to develop is well illustrated by these findings in one centre (Matthew and Gilchrist, 1948-49 (Barker, 1949 (Lepper and Dowling, 1951) . Likewise in mice the protective power of penicillin against streptococcus haemolyticus is appreciably less when chloromycetin is given as well (Jawetz and Speck, I950) , and aureomycin apparently behaves in the same way (Dowling, Lepper and Roth, 1951) .
3. The third fallacy is that an infection will be eliminated if penicillin in plasma is maintained at a level which is effective in vitro (i.e. in the sensitivity tests). Penicillin-sensitive organisms are quickly killed in vitro by a level of penicillin a little more than that needed to stop their growth (Massell, Meyeserian and Jones, 1946) but the best resultg in endocarditis are achieved when plasma penicillin levels are a hundred times the in vitro figure (Seabury, I947) . This disparity has partly'been explained by some recent work'by Hunter (1951) ; he has shown* that organisms growing in clots of fibrin are less susceptible to antibiotics than they are when growing in a fluid medicum.
Choice of Treatment
To determine how best to treat bacterial'endocarditis several hundreds of patients have been carefully studied in well-planned clinical trials. So today the right treatment in most cases is that which has already been found to give the best results in similar cases. Only rarely is it justifiable to resort to untried or experimental therapeutics, and these difficult problems are best referred to some centre which has had special experience. Hunter (1947) ' treatment was not successful in any case in which the organism required more than 8kg. per ml. for in vitro inhibition of growth,' though Naegele reported one success with an organism that needed i6Fg. per ml. to inhibit its growth. However, both newer laboratory techniques and clinical reports indicate that better results may be expected from a combined course of streptomycin (z or 4 g. daily) and penicillin (io or 20 million units daily) (Hunter, 1946, I947, I95I; Robbins and Tompsett, I949, '95'; Cates, Christie and Garrod, I95I) . These doses of streptomycin are likely to cause vestibular damage, but the price is cheap if infection is eliminated.
Staphylococcal endocarditis threatens to become the most difficult form to treat. One reason for this is that endocarditis due to coagulasepositive staphylococci is an acute infection, often overwhelming a patient in a matter of a week or so. Another reason is that nowadays many strains of both coagulase-positive and coagulase-negative staphylococci causing endocarditis show considerable resistance to penicillin before treatment is begun. Thirdly, any staphylococcal sepsis, even when due to penicillin sensitive strains, responds less well to penicillin than infections due to other penicillin sensitive organisms (Anderson and Keefer, 1948) . Therefore if the Qrganism is found to be fully sensitive in vitro it is advisable to give at least two million units of penicillin daily. Penicillin-resistant staphylococci are sometimes quite sensitive to streptomycin (growth being inhibited by under 8.tAg. per ml.); it is then worth giving this drug (Wilhelm et al., I947). In those staphylococcal infections with an organism resistant to penicillin but sensitive to about i'kg. of aureomycin it is justifiable to try a course of aureomycin (Levinson et al., loc. cit.) .
In about 2 per cent. of published cases infection is due to the influenza bacillus (Thayer, I93I; Perry, 1936) . Most of these infections are really due to Haemophilus para-influenzae (Miles and Gray, 1938) , but H. influenzae itself has caused some infections (Aubert, I950; Martin and Spink, I947). These infections may be very difficult to eradicate for they are often insensitive to penicillin and develop resistance to streptomycin. It is ther-efore worth remembering that before the days of penicillin Schein and Baehr (I948) (Jawetz, Gunnison and Speck, 195I) ; in the other bacitracin and penicillin were given in an infection due to a diphtheroid (Wallach and Pomerantz, 195 
I). Treatment of bacteriologically negative Cases
In those patients who seem to have bacterial endocarditis on clinical grounds although blood cultures are repeatedly negative it is justifiable to give empirical treatment. Clinical signs of infection often respond to penicillin, although it may be found necessary to give large doses (Loewe and Eiber, 1947) . For this reason it is advisable to begin with at least 5 million units daily. Should penicillin fail to cause clinical response then streptomycin is worth trying (Wilcox, 1950) . Unfortunately in these abacteraemic patients there is a high incidence of heart failure before treatment is begun, so even if the infection may respond well to therapy the final prognosis is often very bad.
Penicillin Administration
Penicillin was originally given by intravenous or intramuscular infusion. These routes were thought to have the theoretical advantage of keeping the plasma level constant. The usual method used to day is intermittent, intramuscular injection; it is simpler, and there is less risk of muscle abscess and none of phlebitis. Moreover, it is now thought that penicillin may penetrate into vegetations more readily when plasma levels are high shortly after each injection. Procaine penicillin in oil is unsatisfactory .when given in big doses, and watery suspensions of this preparation have not yet been shown to be effective in any proper clinical trial. Therefore crystalline peni-cillin given by intramuscular injection every three hours day and night is still the safest practice.
Length of Treatment
Clinical trials in this country have proved beyond all doubt that it is necessary to continue treatment for at least one month (Christie, 1948) ; and even enormous doses of penicillin are of very little value if treatment is given for only ten days (King, Schneierson, Sussman, Janowitz and Stollerman, 1949) . The principle should be to give a course long enough to be safe, not the shortest known to have succeeded;-and it is now the usual practice to give six weeks' treatment.
Effects of Treatment
When treatment is successful a patient begins to feel much better within a few days; his appetite returns and he begins to put on flesh. The temperature usually falls to normal in the course of a week or less, and patients often remain apyrexial for the rest of their treatment. When the cruder preparations of penicillin were used six years ago it was common to see some fever tbroughout the course of treatment; but nowadays persistent fever should be taken as a sign of persistent infection. The E.S.R. likewise used to remain high throughout the course, especially when there was reaction around the sites of injection; but, again, with the purer penicillin used to day it is common for the E.S.R. to begin to fall soon after treatment starts. In successful cases the E.S.R., if still above normal by the end of treatment, falls to normal within a week. If it remains raised or falls only to rise again, one must be suspicious that infection is returning.
Anaemia is repaired surprisingly slowly, and the blood count may not reach normal limits until three months (Jones, Herring, Langley and Oleesky, I947). The urine often contains albumin, red cells and casts for several weeks after the end of treatment, but it is usually normal within six months.
It is now well known that for several weeks after infection has apparently been eradicated there is a risk of an arterial embolism (Tumulty and Harvey, 1948; Cates and Christie, I95I weeks the rate is 67 per cent., and over 20 weeks the rate is 50 per cent. This seems to be due to the presence of heart failure in those patients whose treatment is begun late.
Prophylaxis
Acute bacterial endocarditis is now largely prevented by the widespread use of antibiotics in many infections.
In patients with congenital or rheumatic heart disease the main danger of developing subacute bacterial endocarditis lies in untreated dental sepsis. To reduce this risk these patients should receive dental attention every six months or so, and any questionable tooth should be X-rayed because some apical abscesses can be detected in no other way. Infected gums are not sterilized by giving short courses of penicillin, and even a full course for bacterial endocarditis may fail to kill penicillin sensitive organisms buried in the depths of an apical abscess. This means that to eliminate dental sepsis various surgical procedures such as scaling and extraction must be faced, though with proper prophylactic use of antibiotics the risk is small.
The bacteraemia caused by dental extraction is not always prevented by sulphonamides, penicillin (Glasser et al., I948) or aureomycin (Roth et al., 1950) . Penicillin, however, can exert a. bactericidal action on those organisms which are implanted on a heart valve. For this reason penicillin is the drug usually used. There is no point in beginning this prophylactic penicillin for more than perhaps half an hour before dental extraction; not only is bacteraemia not prevented by longer therapy, but there is an added risk because the normal penicillin-sensitive flora of the mouth is rapidly replaced by penicillin-resistant organisms. A few cases of bacterial endocarditis have been reported after prophylactic penicillin but in most of these the dosage was small as judged by present standards (Hunter, 195 i) . The present recommended dosage of 250,000 units every three hours for two or three days is the ideal, but this means admission to hospital, which is often impracticable. More knowledge is needed of the protective action of more convenient preparations such as mixtures of soluble and procaine penicillin.
Bacteraemia may follow almost any surgical manoeuvre ranging from tonsillectomy, abdominal operations and incision of boils to such minor interferences as passing catheters and gynaecological instruments and passive movements of joints (Glasser et al., 1948; King, 1948) ; abortion and normal delivery are likewise dangerous. The choice of antibiotic for prophylaxis depends on the organism likely to cause bacteraemia. In many cases penicillin is obviously suitable, -when it is not, for example a prostatectomy in the presence of B. coli. urinary infection, it is worth investigating the antibiotic sensitivity of the infecting organism.
In the wider field, prevention of bacterial endocarditis depends on preventing congenital and rheumatic heart disease, but consideration of this problem is outside the scope of this review.
